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L Executive Summary 

In 1992, the NDMA reviewed the data available from numerous studies on the potential 
he&h impacts of hydquinone (HQ) exposure. The conclusion reached based on this 
analysis of the then available data indicated that eqosure to HQ in non-prescription 
lightening creams does not present a human aucinogenicriskwhenusedacuKdingtolabel 
directions. Atthetimeofthe1992,Fewiew,aresearohplanwasoutlinedandinitiatedto 
provide additional information to more ampletely lmdastand thesi~ceofthetest 
resultsforHQ. Aparticularfocusofthtresea&wastobctterundersmndthesign&mce 
of the NTP bioassay results. The results of some of the studies inaqomted into the 1992 
plan are presented in this follow-up report which also includes p&Mnary infonaation for 
on-going studies as well as outlines of studies which arc in the planning phase. The results 
of the completed and ongoing research continue to support the conclusion reached in the 
1992 review. 
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An update On 
Chronic Health Effects Testing for Hydroquinone 

III. Introduction 

In 1992, the Non-Prescription Drug Mku~ufactw~ Association (NDMA) produced a review 
document on hydroquinone (HQ) whi& summa&d the ati% literatwe available and 
outlinedaresear&planfocusedoninQeasing understandingofthepotentialforhuman 
health effects following HQ exposwe. The finalkd plan included 1) a suwey of 
dermatologists to gather information otl ochronosis, 2) an absorption and metabolism study in 
human volunteers, and 3) additional a&al and non-animal test@ on the mechanism(s) of 
action of HQ with the intent of developing a validated physiologically-based pharmacokinctic 
m&anisticmodelrelevanttohumankalthdccisionmaking. Thisupdatewillfocusonthe 
resultsofthemechanisticrescarchfuncibdbyNDMAandthtchemicalManufacturers 
Association Hydroquinone Panel and will not include information on Parts 1 and 2 of the 
research plan. 

AsdiscwedintheMay 1992revicw,~forscvemlyears,HQhasbeenthesubjectofaseries 
of health effects studies under a Toxic ~Substancc Cormtro~ Act Section 4 rule promulgatql by 
the U.S. Environmental Rot&ion m and a chxumic toxicity and carcinogen&y 
bioassay conducted by the U.S. Nati- Toxicology Program. These studies included 
endpoints for neurotoxicity, rcproducti~ toxicity, developmental toxicity, genotoxicity, 
pharmacokinetics, chronic toxicity, and ca&nogenic#y. The results of these studies and 
manymoreinthepublishedlitaPnntlPtatadadatalbasefarHQthatismuchmore 
extawive than is available for many o$er chemicals. 

- 

- 

MuchofthesedataarcderivalfromstudiesdesigWto maxinkthelikclihoodOf 
producing a toxic rqonse by ad-g HQ in a high-dose bolus by the gavage route. 
While on the one hand such studies m$y be well designed for hazard i~tikation, they have 
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the potential for producing data which are diflkult to inteqret for risk -t purposes. 
ThisisparticulariythecaseformataialssuchasHQwheretheprimary~~ofwrposureis 
dermal and where dumal absorption does not result in s&Scant toxicity. 

Thisre&archplanwasdckgnedtocoWctadditional~onto~the 
significanceoftheavailableanimaltestresults. Theplanincludcsnotonlyanimaltcstdata 
butalsostudiesdesigncdtocollectr&vanthumandata. Muchoftheplanhasfocusalon 
increasing our understanding of the relevance of the imxased incidence of benign kidney 
tumorsob~~inthemaleFischer364ratduringtbeNTpbioassay. Asdkussedinthe 
1992rcview,thekidneytumorsintheFischerratagpearboberclated~o~increased 
susceptibility of the Fischer rat to HQ iand in particular to an increased susceptibility of the 
male Fischer 344 rat to nephrotoxicity following chronic exposure to orally administered HQ. . 

Toaccomppshthepurposcofthisrwearchplan,the~discussedintbefollawingpages 
were designed to: 

ProjectsIandIk DetermineifthClKphWoXici~observedinFischer344malerats 
afteroxalHQeqosureisasso+aMwithcitherraralq&h&lceIl 
proWdon or DNA binding. 

Project Ilk DekmCneifag&gFischcr344ratswaemoreorksssusqtibleto 
the’nephrotoxicity EiSSOCbtedMQoralexposure. 
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the potential for producing data which are difkult io interpxzt for risk assessmentpurpo~. 
ThisisparticularlythecasefarmaterialssuchasHQwhmthtprimaryrouteof~is 
dermal and where dermal absorption does not result in significant toxicity. 

The situation with HQ is more complex than simply trying to extrapolate data from studies 
usinganoralroutetoamuchmorertlevantdermalnwteofexposure,sincetoxicityrelated 
tospecificspeciesofaaimalsorstiainsofratscan~in~ionoftheobsavations. 
Thus, additional data are being sought to more fklly inteqret the s@kance of these data 
for risk 2ssessment purposes. 

Thisresearchplanwasdesignedto~eCtadditionalinforrnationto~~the 
significanceoftheavailableanimaltestresults. Theplanincludesnotonlyanimaltestdata 
butalsostudicsdesignedtocollectrelevanthumandz+ta. Muchoftheplanhasfocusedon 
increasing our understanding of the relevance of the increased incidence of benign kidney 
tumorsob~~inthemaleFischer344ratduringtheNTpbioassay. Asdkussalinthe 
1992review,thekidneytumorsintheFischerratappuvtoberelated~anincreaJed 
susceptibility of the Fiiher rat to HQ land in particular to an increased susceptibility of the 
male Fischer 344 rat to nephrotoxicity following chronic exposme to orally admi&e& HQ. 

. 

Toaccomplishthepurposeofthisrtstarchplan,thestudies~inthefollowingpages 
were designed to: 

Projects I and II: Detemine if the ~nephrotoxicity obse~ed in Fii 344 male rats 
after0ralHQexposureis~witheitherraralepithclialcel.l 
proliferation or I$NA binding 

Project III: Dwrmineif~gF~h~344iratsweremoreorlesssuJceptibleto 
the iwphrotoxicity associatedHQoralexposure 
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Project Iv: 

Project V: 

PmjectvI: 

Project VIl: 

Project VIE 

Project IX: 

Project X: 

Projectxlz 

Project XIk 

DeternketheextentandpattemofHQ-proteinadductsintheblood 
and kidneys of Fischer 344 and SsDawley rats 

Detemine whether or not HQ eqosure can produce oxidative stress in 
the kidneys of Fischer 344 and Sprague-Dawley rats 

Compare the activities of ~~zymts involved in the bioactivation and 
detoxication of HQ in Fischer 344 rats, Sprag~Dawlcy rats, and 
humans 

Compare the in vfnr, rural metabolism and toxicity of HQ using tissues 
and cells from Fischer 344 rats, Sprague-Dawley rats, and humans 

Develop a physiologically-based -kinetic model for HQ in 
sauitive and insensitive rat strains and humans 

Detemine appmpriate conaxtrations for a subchronic study of HQ 
withdermalapplkationinacrcambase 

Determinewh~~ornotHQinacream~whenapplieddcrmally 
is capable of inducing nephrotoxicity and cell proliferation in Fischer 
344rats 

Investigatepotmtialdietaryso~for~tonahnallyoccurring 

HQ 
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Projqzt Xm: Investigate the incidence of mortality due to cancer in ii population of 

employees engaged in the man- of HQ and pbemoquinme. 
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Iv. Projections 

Project I: Measurement of Cell Proliferation iu the Kidney of Fkchm 344 
and Spragu&avvky Rats after Gavage Admlnisbtion of 
Hydroquluone 

summary: oraladministationofhydroquinonc(HQ)overtwoyc!arstomale 
Fischer344ratsmultedinados+rdatedfiepbrapathyandanin~ 
intheincidenceofrenaltubuleadaromas(NTP,1989). Female 
Fischer 344 rats, WC3Fl mice, and Sprague-Dawley rats are 
rehctory to the Wonic renal toxicity of HQ. Dogs and humans are 
also refixtory to nephrotoxicity following subchronic exposure 
(Carlson and Brewer, 1953). To better characterize the early 
development of rakal toxicity in rats, cell prolif&ation was quantitated 
within the proximal (Pl, P2, and P3) and distal tubule segments of the 
kidney in rats givkn 0,2.5,2!& ‘or 50 mgkg HQ by oral gavage. Male 
and female F&h&r 344 rats were treated for one, three, or six weeks 
and male Sprague-Dawley rats were treated for six weeks. Cell 
proliferation was quantitated by incorporation of bromodeoxyuridiue, 
detected immunohistochun.ically, into newly synthcsked DNA. At six 
weeks,rcnalccllproliferationwasincrcWdovervc!b.icleumtrolsin 
malcFischer344ratsdosedatSOmgkg. Siitekations@ < 
0.001)occurreditrtheP1~~(87%)andinthep2segmcnts 
(50%) but the ei+ation in the p3 wt (34%) was not statistically 
significant. Urin$lyses reveal4 increases in the rate of excretion of 
enzymes indicative of proximal &ubular damage. Hkpathologic 
evaluation of the kidneys was &n&tent with a dose-related tubular 
degkneration in the male Fischer 344 rat. No chemical-related effects 
w~observedin’thekidneysofffemaleFischer544ratsandmale 
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Sprague-Dawley rats. These data parakl the findings of sex- and 
strain-specific kidney adenomas in the tweyear bioassays, and suggest 

that chemically-induced cell proliferation~secondary to toxicity may be 

implicated in the etiology of benign tumors in the kidneys of male 

Fischer344ratstrcatedwithHQ. 

Stahl% Project is completed and a report has been submitted to lW&mental 

and Applied T-logy for publication. A full copy of the report is 
included in Appadix A. 

. 

. 
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Project II: 
- 

M- of Nuclear DNA Modification by =P-PostWel& in 

theIcidneysof~curdFemnleI;EEcher344RntsrrftwMultiple 

Gavage Doses of I3ydroquinone 

Summary: Oral administration of hydroquinone (HQ) to male Fischer 344 rats 
results in dosonlated kidney tomkity beginning with mild CIszymuria 
byoncweek,~tt~bysixwaeks(seeprOjectI), 

=inephFopathY~~ inaeascinthcinckkccof~tubule 
adammas after two years (NTP, 1989). Female Fischer 344 rats, 
B6C3F, niice, Sprague-Dawley rats, dogs, and humans are mistant to 
thereaaltoxicityofHQasx&tedwithrqxatedaposure. To 
determine the potential of HQ to induce awalent DNA adducts in the 
kidney,maleandfemaltF~~344ratsweregivenO,2.5,25or50 
mgkg HQ by gavage for six weeks, and nuclear DNA isolated from 
kidneyswasanalyzedbythe%postW@assay. AtSOmglkg, 
males, but not females, showed an inaeaseintherateofexcretionof 
N-acetyl-fi-D-glucosaminidase, i&iicative of proximal tubular damage. 
Aualysis of nuclear; DNA prepaMons by the p&beling assay showed 
that HQ does not produce wvalant DNA adducts in the kidneys of @e 
and female rats. The assay’s lower limit of detection is one adduct in 
l@ to 10” DNA nucleotides. No treatment-related kreases in 
background radkctivity levels on thechromaqpams wereseenat 
locations corrcqmding to the n#jor in vim adducts of HQ and p 
benzoquinone. HQ tmtment, hwer, resulted in the reduction of the 
levels of certain tndogcnous add P (I-compounds), the biological 
significance of whcch is unknoti. The icsults indicate that HQ does 
not produce analant DNA add& in the kidneys of male and female 
rakafterrqxatedoraladminW@tionatn@rotoxkdoselevcls,and 



,-, . . 
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suggest a nongcnotoxic etiology of baign tumors in the kidneys of 
male Fischer 344 rats treated with HQ. 

status: Theprojcctiscomplwdandareporthasbeenacceptedby 

Fwtdmnartal and &plied Tmkology for publication. A full copy of 
themportisincludedinAppa&B. 
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Project Ilk Measmmmt of Cell Proliferation in the Kidneys of One Year Old 
Fischer 344 Rats after Oml Admlnlshtion of Iiydroquinone 

Summary: Oral administration of HQ to young adult Fischer 344 rats for 6 weeks 
produces mild kidney toxicity with elevated cell prolif&ation rates in 
males but not females. Chronic HQ -on results in an 
exacuWionofspontanaWnephropafhyandanincreaseinthe 
~~~ofrtnaltubuleaclaromas,againin~butnotfemales. 
Spontancousr@wpathy~morerapidlyinmaleratsthanin 
femalcrats,andmaybeafktorinthegrcatccsusa#ibilityofmales 
toHQ-mduccdkidneyefkcts. Thepreseststudywasundeatakento 
measure HQ-induced cell p&f-on in the kidneys of mid-life span 
Fischcr344ratsatdoselevelsthatwerctumorigak inthemales.cell 
prolifemion was quantitated within the proximal (Pl, p2, and P3) and 
distal tubule segments of the kidney in male and female Fischer 344 
rats (- 13-15 months old) given 0, 2.5, 25, or 50 mgkg per day HQ by 
gavage for three, six, or thirke0 weeks. Cell prol&ration was 
quantitated by incorporation of bromodeoxyuridine, detected 
immunohistochemically, into newly synthesized DNA. Urinalyses,at 6 
and 13 weeks revealed signiGmt (I’ < 0.01) increases intherateof 
excretion of N-auetyl-4-D-glw by male and female Fischer 
344ratsgivcn5Omg/kgperdaywhencomparedtocon~t 
amtrols, suggestive of mild kidhey effests. How-, histqMmlogical 
evaluation of th~klneys was vt able to difkrcstiate HQ-induced 
effects from the wkground inCkiencc of mild spontanams 
n-y. Cc@ proliferation mts showed no sig&kant treatmat 
related-effects. Mean cell prol+ation rates in vchicle44mti mid-life 
spah rats were 2.2-fold lower than those obsernd in young adult 
animals. Subchrtmic exposure to HQ during mid-life is notsufiicia~t 
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to eacerbate spontaneous nephropathy in male Fischer 344 rats. 

Mid-life span male Fischer 344 rats are apparently more resistant to 

HQ-induced toxicity than their young adult counterpark 

status: Adraftrcportisinpreparationandanabstractofthestudyhasbeen 
submitted for presentation at the 1494 !Sockty of Toxicology meeting. 

AcopyoftheabstractisincludadinAppendixC. 
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Project IV: Qmntifiition of Covalent Protein Adducts of Hydroquinone in the 
Blood and Kidneys of F&her 344 and SpmgmDawley Rats 

Summary: In studks conducted by the National Toxicology Program (1989), 
hydroquincme (HQ) was found to increase the severity of chronic 
nep~ysceninmaleFischer344rats. Inpreviousstudies,HQ 
ploducedacute~toxicityinFischer344ratsat~~ytoxicoral 
(loses. Thissametreatmenthadnosimrif;mmt~otlSpraguu 
Dawleyrats. Toinves@atetheimpmtanceofprotcinbindingtothe 
toxicity of HQ, a modification of the “permethylation” procedure of 
Slaughter and Han&k (1991) was employed to quantify HQ covalent 
ad&x% to protein sulfur nucleophiles. Male and female Fischer 344 
~~andeSprague-Dawleyratswerr:dosedorallyoacewithHQat 
0,25,50, or 100 mg/kg HQ and HQ protein adducts measured in 
blood and kidney 24-hr post dosing. Also, male Sprague-Dawley rats 
were dosed ip at equivalent dose levels. Separate groups of male or 
female Fischer 344 or male Sprague-Dawley rats were dosed orally for 
6 wk (5 d/wk) at 0,25, or 50 mg/kg/d and adducts measured 24-hr 
subsequent to final dosing. Following a single oral dose, female : 
Fischer 344 rats were found to have the highest levels of bound HQ in 
both blood and kidneys at all dose levels. Levels found in the kidneys 
wcrcontheorderof7to 1Ofoldhigherthanforblood. Therelative 
amounts of bound HQ in the rat followed the order found previously 
foracuterenal tc&ity: femal~Fischcr344 > maleFischcr344 > 
male Sprag=Dawley. Bound adducts in Sprague-Dawley rats 
followingipdosingweElargerthanthecomspondingoralvalues. In 
all cases, total adducts increased proportionately with incrcasmg dose 
kvd following a, single admin&ation of HQ. Animals dosed for 6 wk 
(max. 50 mg/kg&) had quantitatively more protein bound HQ in both 



An Update On Chronic Health Effects Testing for Hydnquinone - 16 

blood and kidney with female Fischer 344 rats again having the highest 
levels. Levels found in the kidneys were on the order of 1.2 to 2.5 
fold higher than for blood. The relative amounts of bound HQ in the 
6-wk study followed the order found previously in the single dose 
study: female Fischer 344 > male Fischer 344 > male Sprague- 
Dawley. 

status: Adraftreportisbeingprcparcdfarsubmissionforpublication. An 
abstradofthisworkhasbcensubmittedfor~~~atthe1994 
Society of Toxicology meeting. A copy of the abstrad is included in 
Appendix D. 
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Project V: Measunxnent of Oxidative Stress in the Kidneys of F&her 344 and 

SpragwDawley Rats Given Hydroquinone 

summary: Experimental work sponsored by the CMA HQ Panel showed that a 
smallproportionofanad~~doseofHQismerabolizedtoa 
compound that can be injurious to the kidneys of Fischer 344 rats. 
The means by which the HQ metabolite causes injury is unknown but is 
likely to involve protein binding (see Project IV) and/or the formation 
of reactive fm of oxygen. Previous work (Project II) established 
that HQ does not interact directly with kidney DNA in viw. DNA 
could, however, be an indirect target if reactive forms of oxygen are 
foamad that can subsequently enter the nucleus of renal epithelial cells 
anddamageDNA. Thistypeofoxidativedamagehasbeenshownto 
occur with HQ exposure in vim and could possibly play a role in 
tumor development in viw. Altcmatively, reactive oxygen could be 
produced by a HQ metabolite without causing DNA damage. 
Knowledge of the extent of reactive oxygen formed in the kidney after 
HQ exposure, and the possible targets of any reactive oxygen formed 
(DNA vs. lipid), would help to elucidate the toxicological action of HQ 
in the Fischer 344 rat kidney. This information would also be useful in 
performing risk assessments for HQ exposure to humans. Several 
indicators of oxidative stress in the kidney which could result from the 
production of reactive oxygen by HQ will be measured in this study. 

The test systems to be used h&de male and female Fischer 344 rats 
and male Sprague-Dawley rats. RatswillbegivenHQbygavageat 
various dose levels and the time course of oxidative stress will be 
determined. Biochemical indicators of oxidative stress to be measured 

include an end-product of reactive oxygen reacting with lipid 
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(malondialdehyde), and the concentrations of glutathione and oxidized 
glutathione. Established spcctqhotometric and chromatographic 
methods will be used to analyze the samples in these studies. Oxidative 

DNAdamagewillbemeasuredinkidncysofratstrtatedforsixw~ 
. with HQ. The product of reactive oxygen reacting with DNA (S- 

hydmxydeoxyguamsine), will he mcasuxed with established 
chroma@mphic methods. 

status: The in w’w portion of this study is completed. The meaauement of 
oxidative damage is undenvay. 
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Project VI: A Compamtive Study of the Enzymes Involved in the Bioactivation 

and Detoxication of EQ 

Summary: The observed differences in the susceptibility of different rat strains and 
species to HQ-induced kidney damage may be due to some combination 
of the foknving two factors; 1) pharmacokinetic M&axes, i.e., 
diffdam in kidn9 con~trations of the injurious form of HQ based 
ondiff&encesintheratesof kmationand&ninationoftheinjurious 
form of HQ, and 2) diff&renced in the inherent kidney sensitivity, i.e., 
the same conccnhon of the injurious form of HQ may produce 
greater damage in a sensitive kidney compared to a resistant kidney. 
TheformerofthesetwofktorswillbeaddresA inthisproject. ln 
understandingth&rtlativeriskofhumanstothekidneyeffactsofHQ, 
it is important to be able to understand the basis of the susceptibility of 
the male Fischer 344 rat to HQ. The activity and/or inducibility of HQ 
biotransformation enzymes (e.g., quinone reductase, cytochrome P45Os) 
may explain diff@ences in urinary metabolites (and by inference, the 
concentrations of kidney metabolites) and the expre&on of kidn9 
toxicity in the different test systems studkd. This study will explv 
directly the enzymology of the relevant test systems, to de&mine if 
differences in en@me inducibility or activity can explain the relative 
organim susceptibility by mea@ng the catalytic activities of several 
aqmes involved in the bioactktion and detoxication of HQ in 
susceptible and Wstant strains :of rats. 

Biotransformati~ wiil be meaked in vim using various tDzymt 
sources such as @le and femal@ Fischer 344 rat kidn9, male Sprague- 
Daivley rat kidn9, and human kidney. Biotransformations of the HQ- 
cysteine conjugate tbat will be incasured include oxidation and N- 
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aceylafion. The catalytic activity of r-glutamyl tmnspeptidase and 

quinone reductase may be dekrmkd with the HQ-glutathione 
conjugate or othet appropriate substrates. Concentrations of 

cytochrome P450$ in kidneys will be determined by gel electrophoresis 

and Western blotting with immunodetection. 

status: PlanningfolthisQtudyisunderway. Thestudyisexpect&tobe 

completed in 1994. 



,;- 
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Project VIE Comparative In Vii Renal Metabolism and Toxicity of HQ Using 

HumanandRatTissuesandCklls 

Summary: The observed diffcxtnces in the8susceptibility of different rat strains and 
. species to HQ-induced kidney damage may be due to some combination 

of the following two ktors; 1) pharmaa~kinetic differrnces, i.e., 

diffmasinkidney concentrations of the injurious form of HQ based 
on differaces in the rates of formation and elimination of the injurious 
form of HQ, a&2) difkrences in the inherent kidney sensitivity, i.e., 
the same concu~qation of the i@rious form of HQ may produce 
greater damage in a sensitive kidney compared to a resistant kidney. 
Thelattaofthtsdtwofactorswillbeaddrtssedinthisprojeot. 
Ob~ghumandataistsscntialto~gthehealthriskswhich 
might be associated with exposure to HQ. The use of an in vitru 

system is the best available system for collection of the relevant human 
data necauuy for dctamining whether humans will respond moreiike 
susceptible or reskant experimental animals. In these studies, an in 
vim system, either kidney slices or isolated kidney cells, will be used 
to examine the relative toxicitieS of HQ and HQ metabolites from : . 
various qmics a@d to deermine sex, strain, and species’(including 
human) susceptibility to HQ and its metabolites. The purposes of these 
studies are to 1) w the rekve toxicities of HQ and metabolites 
and2)comparetk rcjpowes of Fischer 344, Sprague-Dawley, and 
human kidneys to HQ muabolip. The toxicity of HQ and metabolites 
inthekidneyJof~tandsusoeptible~systemswillbe 

. 
chcmmcdh~byatposing~thetestsystcmtovarious 

ccrncentxatkms of ‘HQ, HQ-glut$hione, HQqsteine, and possibly HQ- 
rnekpme and ~HQ-cys=o. Cytotoxicity will be m by 
established methods such as m ceurement of trypan blue exclusion or 
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lactate debydrogenase leakage. Mitochondrial function, an early 
indicator of kidney toxicity, will be asses@ by established methods 
including effects on adenine nucletotide status, cellular oxygen 

consumption, and cellular calcium compartmenta!ion. 

stahls: Planning for this study is underway. The study is expeckd to be 

completed in l!XW. 
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Project VHk 
- 

Development of a Physiologically-Based PhmacokineGc Model for 

HQ 

Summary: A physiologically based-pharmacokinetic (PBPK) model linked to an 
understanding of the mechanism(s) of action of HQ will be the ultimate 
end-product of tis msearch program. PBPK models divide the body 
into physiologically reahstic compartments and incorporate biologically 
correct mathematid dcscrim of the major tissues and organs which 
are relevant to the absorption, metabolism, toxicity, and excretion of 
the chemical under study. The maknatical formulation of the model 
consists of a series of mass balance differential equations that account 
for the handling of the chemical by each compartment. PBPK 
modeling is a valuable tool for evaluating target tissue dose under 
various exposure conditions. Understanding target tissue dose is a 
necessary prerequisite for developing a full understanding of the 
biological responses associate!d with HQ exposure. The model will 
provide a construct for incorpo+ng experimental data obtained in this 
resarch program and allow for the quantitative modeling of HQ 
behavior (e.g., absorption, metabolic disposition, persistence) in : 
various species iwMing humans, at different exposure levels, and after 
various routes of exposure. 

The model will be developed by acquiring, through the literature and 
in-t resekch, physioiogical parameters including organ 
volumes and blood flows for the test systems of interest. Biochemical 
parameters including tissue:blood partition coefficients, kinetic 
constants for biotransformation, and macromolecular binding data will 
be incorporated into the model. The model will be validated with 
pharmacokinetic data obtained from the test systems of interest. 
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Human information may include blood and urine data from subjects 
who normally ingest fruits and grains which naturally contain HQ, as 
well as kidney autopsy specimens analyzed for stable HQ-protein 

adducts. 

status: The data necessaq for developnxnt of the PBPK model axe being 

dewloped in Projects I-VII. The necessq hardware to build the 

modelhasbeenacquiredandthesoftwarehasbeenordexWi. Model 

development will begin in 1994 e the data become available from 

Projects VI and VII. 
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Project IX: NDMA Formulation Cream: A Dexmal Toxicity Robe Study in the 

Rat 

Summary: Male and female Fischer 344 rats were topically treated with 0,2.0, 
3.5, 6.0, or 7.5% (w/w) of hydroquinone in an oil-in-water emulsion 
cream. preparationswereappliedto~shavedskinofthebackunder 
a semi-occluded patch for 6 hr/day, 5 days/week for 19 doses over 
24 days. Animals were observed daily for clinical signs of toxicity and 
signs of irritation, Eody weights, feed con!mmption, and water 
cmsumption went measured at least twice weekly. No mortality 
OccuKed. EIythemawasobserveclinallanimalstreatedwith 
hydroquinone, and the severity differed depending on the concentration 
in the preparation. Mean irritation scores of groups treated with 6.0 
and 7.5% peaked at approximately 2 by the end of 4 weeks of dosing 
with maximum individual scores of 3; while the mean irritation scores 
of the group treated with 3.5% peaked at l-l.5 with a maximum 
individual score of 2. The group treated with the 2.0% preparation had 
mean irritation scores of 1 and maximum individual values of no more 
than 1. Erythema progressively increased during the week with : 
repeated application, but abated during the weekend when animaIs were 
not dosed. Irritation also increased slightly from week 1 to week 4 in 
the groups receiving the two highest concentrations. No edema was 
obsenwd. Porphyrin tears and seuetions were observed prior to dosing 
andwereamsid~tobetheresultofwearingE&ab&ancollars 
which were placed on the anim&s after dosing to.prevent ingestion of 
test material d&g grooming. 

No-significant differences in mean body weight wenz noted among 
groups. Mean feed consumption by the 6.0% female group was 

. 
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significantly (p 5 0.05) lower on Day 4 compared with the control 
group. No other differmcp in mean feed consumption were noted 
among groups. Mean water consumption,by the 2.0 and 3.5% male 
groups was signifkantly (p S 0.05) lower on Day 25 compared with 
the control group. Mean water consumption by all treated female 
groups was significantly lower on Day 14 compared with the control 
group@ s O.O5),andalltrcatedfemalegxoupsbutthe696grouphad 
signihntly lower water consumption on Day 23 compared with the 
control group. Differences in water consumption were more apparent 
during dosing perWs than on weekends. 

After24daysontest,theanimalswcreanesthetizedwithcarbon 
dioxide and exsanguimued. Tmltmeat-related gross pathologic changes 
consisted of red and/or brown d&&ration of the skin at the 
application site. Red discoloration was confined to the 7.5% male and 
female groups, the 6.0% male group, and one 3.5% female rat. Brown 
discoloration occurmd at the application site of treated and some male 
control rats. Distinct brown discoloration was observed in the majority 
of hydroquinone cream treated rats. Sections of the skin at the i 
application area, and an untreated section of skin from a more pos&ior 
region of the back, were preserved in 10% formal in and examixd 
microscopically. Minimal to minor cpidermal hypuplasia was 
observed at the application site of all treated groups, while minimal 
@iermalhyp&asiawasobsc+dattheappKcationsiteoftheamtrol _ 
group. Hyperplasia at the application site in control animals is 
probably a reflection of qeated shaving as well as application of the 
vehicle. No histologic change&curred in the untreated areas of skin 
of tither treated or control groups. Minimal vascular congestion of the 
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hydroquinone and in one 3.5% female rat. The vascuk congestion 
roughly corresponded to an erythema score of 3 observed in these 
animals prior to necropsy. Additional compound-related changes 
included parakratosis, acute infJammation, and vesicle formation in the 
dermis, all of minimal severity. No other treatme&related lesions 
were noted. 

Based on the criteria for detambtion of the maximum tolerated dose 
(MTD), the MID was not exce&led during the four weeks of dosing. 
Epidemml hypaplasia and pwaba~& were obsewed, and moderate 
eqthema was present. However, the observation of erythema scores of 
3 in male rats treated with 6.0 and 7.5% hydroquinone suggests that 
thestconcentrationsmightexcccd~~duingthecourseofthe 
13-week study. 

status: The final report is completed. Based on the results of this study, the 
high-dose concentration for the thbteen week study was set at 5% HQ. 
AcopyofthenqortcanbefoundinAppendixE. 
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Project X: NDMA High HQ Formulation Cream: A 3llirmaweekDemlai 

Toxicity and Cell RoIiferatiom Study in The Rat - preliminary 

ResUltS 

Summary: The following information should be considered preliminary results 

subject to revision as data are still be collected and quality assurance 

audits have not ~WI completed on these data. Male and female Fischer 

344 rats were topically tIreat& with 0, 2.0, 3.5, or 5.0% (w/w) of 
hydroquinone in au oil-in-water#nmlsion cream. preparations were 

~~~totheshavedskinofthabsckundersemi-oocludedpatchfar6 

hrklay, 5 days/week for 13 weeks. Based on the concentrations of 

hydroquinone, the average weeJdy body weight, and the amount of 

~~applied~theskin,tregitedmaleratsr#xivaddosesof29.5 f 

2.4, 51.9 f 4.3, and 73.9 f 6.3 mglkglday for the 2.0, 3.5, and 

5.0% concentratians, respectively. Treated female rats received doses 

of 43.8 f 3.8, 77.0 1 6.9, and 109.6 f 9.8 mg/kg/day for the 2.0, 

3.5, and 5.0% concentrations, respectively. Animals were observed 

daily for clinical signs of toxicity. The only death observed occurred in 

one high-dose male that was found dead on the first day apparently due 

to the tightness of the wrappings. All other animals survived to their 

prescribed necropsy time. No compound-related signs of toxicity were 

observed other than local effectson the skin. Porphyrin tears and 

porphyzinnasaldischargewere~sexvedinallgroupsduring 
acclimation to the~collars and d mornings following the use of the 

. m collar& but were nq observed on Sunday and Monday 

morning when collars had not b@en used. Compound-related clinical 
conditions consisted.of minimal b minor brown discoloration and scaly 

skid at the application site. Brov discoloration oaxrrui in all male 

groups, including the control grc$up, and was obse~ed in most animals 
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ofeachgroupafterthefustweckofdosing. Theseverity.was 
gemally minimal and occasidy minor, and was observed daily. 
The frequency of minor brown discoloration versus minimal 
discoloration was igreater in tmatexi male groups compared with the 
control group, but there was no apparent dose-related response. In 
females, minimal brown discoloration of the skin was observed in only 
afewanimalspergroupandonlyrarclyinaamtrolanimal. Scaly 
skin(fissures)wasobservedinbothmaleandfemaletreatedgroups, 
andoccasionallyinacontrolanimal. Thcrewasnoapparcntdiffcre!nce 
betweenthedosegroupsorbetwecnmalcsandfemales. 

Signs of dermal irritation were scored daily during Weeks 1, 2, 6, 7, 
12,and13oronceperwcekatothertimes. Thecrythemascores 
during Weeks 1 and 2 progressively increased during the week with 
repeated application, but recovered during the weekend when animals 
were not dosed. This pattern of daily irritation scores was repeated 
during Weeks 6,7,12, and 13. The maximum erythema score in any 
animal treated with HQ was 2 (welldefined erythema). Thus, based on 
the severity of crythem the MTD was not exceeded. The maximum 
mean erythema scores in treated male groups were 1.3, 1.6, and 1.8 
for the 2.0, 3.5, and 5.0% groups, respe&veAy. In treated female 
groups, the maximum mean crythema scores were 1.5, 1.7, and 1.9 for 
the 2.0, 3.5, and 5.0% groups, rqeztively. Based on these data, 
females appearsd Ito be slightly more sensitive to the irritation produced 
‘by the HQ prcpamtions. 

Body weights a&feed consumption were meaSufed at least once 
wedkly. No s&n&ant differenaxs in feed consumption were noted 
among groups exuept for Day 4 when the high- and mid-dose male 
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groups had signiikantly (p < 0.05) lower feed consumption compared 
with the control group. No significant differunce in body weight was 
noted among groups. 

- Water consumption was measured three times a week during Weeks 1, 
2, 6, 7, 12, and 13. Water consumption was, in general, comparable 
among groups. Mean water consumption valuers for male treated 
groups were gamilly within 10% of the values for the control group 
both during the week and on the weekends. Mean watur consumption 
was 20-3091; higher during the weekend compared with during the 
week; overall mean values for male rats during the week were 15.7, 
15.8, 16.3 and 16.4 g/rat/day for the 0, 2.0, 3.5, and 5.0% groups, 
reqectively, while overall means were all 20.6 g/rat/day during the 
weekend for these same groups. Overall mean values for female rats 
during the week were 13.4, 13.6, 13.6 and 13.7 g/rat/day for the 0, 
2.0, 3.5, and 5.0% groups, reqectively, while overall me& were 
17.1, 17.1, 17.3 and 17.6 g/rat/day during the weekend for these same 
groups. Slight difkrences in water consumption occurred from week to 
week with a general trend toward increased consumption over the i 
course of the study. 

. 

Significant diffexences in water consumption between male treated and 
control groups occurred on Days :9, 37, and 88; however, these 
dif&nna appear to be incidental and do not reflect an effect of the 
test substance. No significant differences were noted among female . , 
treated and control groups. 

After 13 weeks on test, animals were fasted overnight, anesthetized, 
and blood collected for analysis. While significant differences occmred 



,-- 
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in the hematology of male rats, none of the values appeared to be 
outside of the normal range of values for rats and were not considered 
to be biologically significant. No significant differences in hematology 
values were noted among female groups. Mean aspartate transankase 

(AST), danin txmmhae (ALT), and scirbitol dehydrogenase (SDH) 
activities as well as total protein cmxntrations in the high-dose male 
groupwexecigdkantly@ 5; O.O!5)highcrthaninthecontrolgroup. 
No significant differcncts in clinical chemiha wem noted in female 
rats, however. l&an potassium amccntrations in the high-dose male 
.group were also significantly higher than in the control group. No 
changes occurred in sodium or Chloride concentrations. 

After blood collection, the animals were cuthanatized and autopsied. 
The liver, kidneys, testes or ovaries, brain, lungs, adrenal glands, and 
thymus were weighed. No significant difkences in absolute or 
relative organ weight were noted among groups. All tissues were 
preserved in 10% buffered-formalin. Selected tissues were examined 
histologically. The results of those evaluations are not complete. 

During Weeks 3,6, and 13, the satellite animals were anesthetized.and 
Alzet? pumps containing BrdU implanted subdermally. These animals 
continued treatnmt with the test substance and at the end of three days 
wereeuthanahd. The~werep&usedwithfixative,andthe 
kidneys and duodenum cxcised~ These tissues were embedded and 
stained for the presence of BrdU. IAelled cells were counted as an 
indication of cell’ proliferation. The results of these evaluations arc not 
complete. 
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status: The in viv0 portion of this study has been completed. The urinalysis, 

hhbpathology, cell prolific counting portions of the study are 

underway. Target completion date is January 1994. 
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Project XI: The In Wm ka~taneous Absorption of Hydroquinone from 

Aqueous Solution ‘Ibough Rat and Human Skin 

Summary: The in dm rate of percutaneous absorption of i4C-hydmquinone was 
- determined using W thickness rat skin and human stratum comeum. 

The rate of absorption from an approximately 5% aqueous solution of 
HQ for rat skin wtas found to be 1.09 + 0.65 &zn~~/hr (n=5), 
whereas the ame$ponding rate for human stratum comeum was 0.522 
& 0.13 pg/cm2/hr (n 4). The integrity of each skin specimen was 
dearmined by mcaswing the rate of penetration of 3H20 on the day 
preceding and the1 day following the HQ study. The “damage ratios” 
were near unity for both rat and human skin, indicating that little or no 
QmagehadoccuriedtotheskirrspecimensfromcontactwiththeHQ 
test solutions. T’he in vitro permeability data for human stratum 
comeum 8tt in masonably good agreement with in viva pamability 
data reported by Bucks ct al. (1988) of 3.0 &cm2/hr. The 
permeability con&ant (KS for HQ through human stratum comeum was 
calculated to be 9.58 x 106cmIhr. Using the definitions of MarzuE, 
Brown, and Maibach (1969), HQ would be classified as a “slow” : 
pamanent for human skin. 

status: The results of this study were presentexl at the 1993 Society of 
Toxicology me&kg. A copy OF the final report can be found in 
Appendix G. 
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Project XII: Human Exposum to Naturally Ocaming Hydroquinone 

Summary: Hydrquinone (HQ) is a nonvolatile chemical used in the photographic, 
rubber, chemical, and cosmetic industries. HQ is also known to occur 
in nature as the fl-D-glucopyranoside conjugate @Win), and free HQ 
is a known component of cigarette smoke. Low concentrations of HQ 
havebeendekctedintheurineandplasmaofhumanswithno 
occupational or other known exposme to HQ. This study investigated 
dietaryandothetpotcntial~~ofHQandtheirinauenceanHQ 
concentrations in the plasma and urine of humans. Analysis of possible 
food sources of H!Q by gas chromatography indicated significant 
amounts of arbutin in wheat products (l-10 ppm), pears (4-15 ppm), 
and coffee and tea (0.1 ppm). Free HQ was found in coffee (0.2 ppm), 
red wine (0.5 ppm), wheat cereals (0.2-0.4 ppm), and broccoli (0.1 
ppm). After consuming a meal including arbutin- and HQumtaining 
foods, humans showed significant increases in plasma and urinary 
levels of HQ and its conjugated metabolites (total HQ). Mean plasma 
concentrations of total HQ peaked at 11x background levels at 2 hrs 
after the completion of the meal, and urinary excretion of total HQ 
peahedat16xbackgroundamountsat2to6hrsafkrthemeal. . 
Immediately after smoking 4 cigaretks, mean plasma concentrations of 
total HQ were maximally 1.5x background Ieve& urinary excretion of 
totalHQ~at3xbaclrgroundamountsat1to3hrsaftnsmokiag. 
‘Ike data indica~ that apprec@le human exposure to HQ can result 
fiomplantderive41dietary~~ofthechemicalandtoa~ . 
extent, from cigarette smoke. - 
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status: Adraftrepo~isbeingprepared. Anabstractofthercsultsofthis 

study has been submitted for presentation at the 1994 Society of 

Toxicology meeting. A copy of the abstract can be found in 
Appendix H. 
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Project XII& Epidemiology Investigation of a Hydroquinone/pBenzoquinone 

Reduction unit 

Summary: A mortality study (Appendix I) of a large chemical production facility, 
including a population engaged in the manufacmre of HQ, was 
completed in 1986. The Organic Chemicals Division which included 
the HQ unit had a significantly lower number of total deaths than 
expected and the Standard Morklity Ratio for all malignant neoplasms 
in these employees was 56. 

The current epidemiologic study has been designed to (1) evaluate the 
mortality experience of a cohort of employees from the same plant 
studied in 1986 who were involved in HQ manufacuumg and related 
activities, (2) test hypotheses for deaths due to renal and hepatic tumors 
and leukemia, and (3) assess dosexesponse relationships for these 
hypothesized cancer sites according to estimated career HQ exposure 
and time-from-first exposure (latency). 

The study population, identified from clinical examination lists, medical 
records, and computer Nes, will include about 900 men and women 
who worked at least six months between 1930 and 1990 in HQ 
production operations. The vital status of the subjects will be obtained 
from both internal (company) and external (Social Security 
Administration) sources. Theu+eriyingcauseofdeathwillbecoded 
by a nosologist acuxding to the Inkmakmal Classification of Diseases 
(ICD-9) protocol. 

The mortality experience of cohort members will be compared with 
death rates from both general population and two occupational referent 
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groups. The statistical significance of observed-toapected differences 

will be tested according to two sets of criteria, depending upon whether 

the cause of death was hypothesized or non-hypothesized. 

Estimates of HQ exposure will be derived from air sampling analyses 

and from occupa&mal historks &s&acted from employee records. 

Each of the jobs held by an individual throughout his career in HQ 

opemtions will be assesed in terms of its duration (months) and 

estimated exposure level. The product of these Values will be 

accumulated for each study subj+ct and converted to total career 

exposure for analytical purposes. 

status: The mortality data for the study!have been compiled and are 
undergoing analysis. The study is wrpected to be completed in the first 
quarter of 1994. 
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v. conclusiolls 

The research program which was outlined in the May 1992 NDMA report is progressing 
acarding to plan and has produced results which support the hypothesis that the benign 
kidney neoplasms seen in male Fischer 344 rats are due to an unusual sensitivity of this 
animal model to hydroquinone (HQ). 

HQisapartofthenormaldietofhumansandcanbafoundinfoodsand~~~ofplant 
origin. Whetherfiomnatuml sources @uits and vegetables) or from synthetic sources 
(Carlson and Brewer, 1953), HQ is not expeckd to result in the same type of toxicity that is 
seenintheFischer344rat. 

The research results demonstram that the male Fischer rat develops a toxic nephropathy 
which is unusual in that male Sprague-Dawley rats given similar doses of HQ do not 
demonstrate a similar toxic effect and female Fischer rats while susceptible to developing 
nephropathy are not as susceptible as the males and do not develop benign renal neoplasms 
after long term HQ exposure. The nephropathy which is seen in the male Fischer 344 rats is 
associated with an increase in the rate of renal epithebal cell proliferation but is not 
asmated with the formation of DNA adducts in the target cell population. At dose levels . 
which are nephrotoxic, HQ binding to renal cellular proteins can be observed. In this 
nephropathy, protein binding may play a role in the pathogenesis of renal damage as 
Sprague-Dawley rats show less protein ~binding than male Fischer 344 rats when dosed orally 
but show much higher levels of protein binding when they are dosed by a route of 
administration (ip) which overwhelms their normal defense mechanisms and induces 
nephropathy. A number of additional studies are underway to enhance our understanding of 
the mechanisms by which HQ is associated with renal tumor formation in the male 
Fischer 344 rat. 
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Of more direct importance to the risk assessment process are data which demonstrate that 
HQ is only slowly absorbed through rat and human skin. The dermal toxicity and cell 
proliferation study with Fischer 344 rats which is underway will provide important 

information about whether or not dumal HQ exposure can be associated with renal effects 
in this sensitive model of nephropathy. 

The~collectedinthisresearchprogramsupporttheconclusionmadeinthe1992NDMA 
report that HQ in nonprescription skin lightening CZSWIIS do not present a human 

carcinogenicriskwhenusedaccoxbgtolabeldirectiions. 
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